I. Material and Method.
In making the experiments, starfish were first thoroughly washed with fresh water in order that any spermatozoa adhering to their outer surface might be killed. The arms were then cut open, and if the eggs were ripe and in good condition they were at once put into a shallow dish containing fresh sea-water. A quantity of eggs was then transferred by means of a wide-mouthed pipette to a clean glass slide and covered with a large cover-glass supported at each edge and in the middle by narrow strips of thin paper. After twenty or thirty such slides had been prepared as quickly as possible with the aid of an assistant, the water was drawn from each by means of filter-paper until the eggs were greatly compressed. In one series of experiments eggs were kept under pressure for varying lengths of time (from ten minutes to four hours) in the hope that they would subsequently develop parthenogenetically; in a second series of experiments eggs were kept under compression until both polar bodies had been extruded from eggs of the same starfish that were developing normally in sea-water, they were then removed from compression and fertilized as were also the eggs of the control lot; in a third series of experiments a quantity of active spermatozoa was added to the water in which the. eggs were put as soon as they had been taken from the starfish and the eggs were then compressed for several hours in order to determine whether fertilization and segmentation would take place. The conditions to which these eggs were subjected were, of course, very abnormal and consequently many of them died. The eggs that lived (not more than 40O/o in the most favorable eases) resumed their normal shape and size as soon as they were removed from compression and returned to sea-water. In some cases fertilized eggs developed in an apparently normal manner up to the blastula stage: unfertilized eggs divided in a few instances, but segmentation was very abnormal and did not go beyond the 8--16 'cell stage.
Some of the eggs from each series were fixed at frequent intervals. The fluids used for fixation were corrosive-acetic (5 o,. o acetic acid) and picro-acetic, the former solution giving much the better preparations. The eggs were stained with iron-haematoxlyn which was followed in some cases by an overstaining with eurythrosin. I can see very little advantage in the use of the double stain, as the ehromatin, centrosomes, and spindle fibres are brought out with great clearness by the use of iron-haematoxlyn alone.
II. The Maturation of Compressed Eggs.
The normal maturation of the starfish egg has been described by WILSON and MATTttEWS /16) and by HARTMANN (5) . The account of this process as given bythe former investigators is, in brief, as follows: The dissolution of the wall of the germinal vesicle of Asterias forbesii takes place at the point nearest the surface of the egg and here the centrosomes invariably appear, being found usually just outside of the nuclear membrane. The centrosomes soon become surrounded by a pronounced radiation and separate to become the poles of the first maturation spindle that develops from nuclear material and takes up a radial position at the periphery of the egg. The chromosomes of the first polar spindle are very small, rod-shaped structures and their number has not been definitely determined, although it is probably seventeen. After the second maturation division, the egg-centrosome and its aster completely disappear and the chromatin remaining in the egg forms a group of four or five small vesicles that later unite into the egg-nucleus. All that HARTMAN.N adds to this description is that the chromosomes of the first polar spindle are evolved from the nucleoli.
The time required for the maturation of ripe eggs that have been removed from a starfish and placed in sea-water varies considerably in different cases as other investigators have noted. Occasionally the germinal vesicle disappears within five minutes after the eggs have been put in water, and maturation is then completed within an hour: in most cases, however, maturation does not begin until about half an hour after the eggs have been removed from the starfish and in favorable cases, from 75--95% of them will mature.
The processes leading to the formation of the first polar spindle are apparently normal in many of the compressed eggs, although they are always considerably delayed. The fact that different eggs were compressed in different planes will probably account in great measure for the many variations from the normal type of maturation that were found. After the disintegration of the germinal vesicle there sometimes appears but a single centrosome which does not divide to form an amphister but acquires an extensive radiation and becomes a conspicuous monaster (Fig. 1) . The central portion of this monaster may appear granular or reticular, and it sometimes contains a small, deeply staining, rounded body which appears very similar to the innumerable granules scattered throughout the cytoplasm that stain black with iron-haematoxlyn. In all cases where a monaster is ibund the chromosomes are massed at one side of it as in Fig. 1 , thus producing structures strikingly like those found by WILSON (14, 15) in etherized eggs of Toxopneustes where the sperm-aster tailed to divide, and in unfel~ilized eggs of the same species after treatment with MgCI~. Whether, in compressed eggs, the rays from the monaster become attached to the chromosomes at a later stage and form a ~,fan-shaped~ spindle similar to those described by I-IERTWIG (7), by M. BOVERI (1), and by WASSILIEFF (13), I have not been able to determine.
Judging from the changes that take place in eggs of other species of echinoderms that have been subjected to abnormal conditions, I am inclined to think that such a monaster very soon disappears and makes no attempt to form a spindle or to become connected with the chromosomes.
In many cases, after the disappearance of the germinal vesicle, the chromosomes are found to be very unequal in size and somewhat irregular in form (Fig. 2) . They may lie scattered in a granular mass which is presumably a part of the nuclear material (Fig. 2) ; or they may be massed closely together (Fig. 3) , with no connection whatever with the spindle in either case. If the chromosomes are connected with the spindle they may be found at the equator (Fig. 6) ; or they may be scattered along the spindle fibres (Fig. 7) ; they may be massed at one pole (Fig. 11) ; or, as in Fig. 4 , they may be found at the ends of the astral rays. In the latter case, the rays are probably concerned with the transportation of the chromosomes to the spindle fibres.
The polar spindles that are formed in these compressed eggs are usually fairly normal in shape, although they vary greatly in size as may be seen by comparing the spindle shown in Fig. 5 with that shown in Fig. 6 . Both drawings, which were made under the same magnification, are from unfertilized eggs of the same lot that had been under compression for nearly two hours when they were fixed. In Fig. 5 , not only is the spindle much larger than normal, but the polar asters are correspondingly large: the radiation of the asters is very extensive, and the central portions appear granular and contain distinct centrioles. In the two sections of the spindle I was able to count 63 separate chromosomes and it seems very probable, therefore, that the chromosomes have already divided for both maturation divisions. Another instance in which the chromosomes Archly f. Entwickhngsmechanik. XXI. 7 have apparently undergone a double division while on the first polar spindle is shown in Fig. 8 , which was drawn from an unfertilized egg in which the spindle lay a considerable distance beneath the surface. The more usual types of polar spindles found in compressed eggs are shown in Figs. 6 and 7. Apparently, in these cases, the eggs were compressed in such a plane that the spindles were prevented h'om assuming a radial position, for both of them lie nearly parallel to the surface of the egg and some little distance beneath it. At the spindle poles are well developed asters, each with a spongy eentrosome but no central granule. In Fig. 6 , a number of rod-shaped chromosomes are found at the equator of the spindle and there is also a large, irregularly shaped, deeply staining body present which is presumably a portion of the nucleolus that has not yet given off all of its chromatin material. A somewhat similar body is also seen in Fig. 7 , but it is much smaller, stains less intensely, and is evidently in the process of absorption. A very few eggs were found in which the first polar body had been given off, apparently, in a normal manner. It is very probable that in these cases the spindle formed with its longitudinal axis parallel with the compression plates, consequently there was no interference with the migration of the spindle to the surface of the egg or with the subsequent cutting off of the polar body. Figs. 9 and 10 show cases in which unsuccessful attempts were made to give off the first polar body. In Fig. 9 , the spindle has disappeared and the chromosomes that have migrated to the outer pole have fused into a solid mass lying close against the central portion of the aster; while at the inner pole the chromosomes are still distinct and are scattered over a considerable area. Fig'. 10 is a drawing of a part of a section of an egg from the same series as that t]'om which Fig. 9 was taken. In this instance the outer pole of the spindle is seen to extend into a pronounced elevation at the surface of the egg, but all of the chromosomes are collected near the inner pole where they appear much as do the chromosomes shown in Fig. 9 .
In many cases the chromosomes are unequally distributed to the spindle poles (Fig'. 18 ) and occasionally, as in Figs. 10 and 11, one pole receives all of the chromatin. The massing of the chromosomes at one pole of the spindle is not an uncommon phenomenon in echinoderm eggs that have been subjected to abnormal conditions. It has been found by BOVEltI (2) in non-nucleated fragments of the eggs of Echin~s microtuberc~tlat~s that have been fertilized with spermatozoa of Strongylocent~vtus lividus; by MOltGaX (11) In all of these cases the phenomenon occurred in the segmentationspindle of the fertilized egg. Iu compressed eg'gs in which there has been an unequal distribution of the chromosomes to the spindle poles I have usually found an unequal formation of the polar asters. The greater number of chromosomes is always massed at the larger pole, and it seems probable, as suggested by ZIEOLER, that the larger pole is the stronger of the two and can therefore draw more of the chromosomes to itself.
Although the first polar body may be extruded by eggs under compression, I have never succeeded in finding a second polar body. Apparently the chromosomes remaining in the egg after the first maturation division at once form one or several nuclei and no attempt is made to give off a second polar body. In Fig. 12 , which was drawn from a fertilized egg that had been under compression for about an hour and a half when it was fixed, the first polar body is shown as a rounded structure containing a number of separate chromosomes. Directly under it, lying side by side, are two small, rounded nuclear vesicles in which the chromosomes are still distinct and are connected by a faintly staining reticulum. Between the nuclei is the aster from the inner pole of the first maturation spindle. Its centre is granular and the rays are not as prominent as they were at an earlier period. A section of another egg from the same series is shown in Fig. 13 . Here also two nuclei have formed after the extrusion of the first polar body, one lying some distance below the other. Between the two nuclei is the inner aster of the spindle which has but few rays and an oval, granular centre containing two deeply staining granules. It is evident that in these two cases the chromosomes remaining in the egg after the extrusion of the first polar body separated into two groups. Whether a second maturation spindle formed I am not able to state, but as only one aster is present in either case I should judge that a separation of the chromosomes into two groups occured without the presence of a spindle, and that each group of chromosomes then formed a nucleus. In Figs. 12 and 13, one of the two nuclei represents the second polar body that has been retained in the egg, the other is the true egg-nucleus. Undoubtedly the n~cleus that is close to the egg' periphery in Fig. 13 7* must be considered as the second polar body; in most cases, however, it is quite impossible to distinguish between the two. When two nuclei are formed after the first maturation division they are usually about the same size and they may contain from one to three deeply staining nucleoli as in Fig. 13 . Often, however, as in Figs. 14 and 17, more than two nuclei are formed which are alike in structure although they may vary considerably in size. MORGAN (12) has found in eggs of Arbacia that have been subjected to the action of MgC12 that the size of the nucleus depends, to a certain extent at least, on the number of chromosomes it contains; and BOVERI (3), after a careful examination of the nuclei of plutei developed from non-nucleated fragments of the eggs of Echinus and also of ~partially fertilized, eggs, has shown conclusively that in these cases the size of the nucleus is directly proportional to the number of chromosomes contained in it. Presumably, therefore, the difference in the size of the nuclei shown in Figs. 14 and 17 is the result of a separation of the chromosomes into unequal groups.
In a majority of eggs that continue their development under pressure no polar body is extruded and, after the dissolution of the germinal vesicle, the chromosomes at once form from one to five nuclear vesicles. The greater the number of these vesicles the smaller their size, yet their structure is the same in all cases and is apparently like that of the egg-nucleus in a normally developing egg. Each nucleus is round or oval and contains an irregular, granular network in which is imbedded one or more large nucleoli. The variations in the number of the nuclei in different cases can perhaps be explained as follows: only one nucleus forms under any of the three following conditions ; first, if the polar spindle does not develop and all of the chromosomes come to lie closely massed together (Fig. 1) ; second, if the chromosomes remain togetber and fail to come into the spindle (Fig. 3) ; and third, if all of the chromosomes are collected at one pole of the spindle (Fig. 10) . When the first polar body is extruded and the chromosomes remaining in the egg are equally divided into two groups, two nuclei of equal size are produced (Figs. 12, 13) ; if the chromosomes are unequally distributed to the poles of the maturation spindle which is unable to extrude the first polar body, then the two nuclei that form are of unequal size (Fig. 15) ; and if Some of the chromosomes come to lie outside of the spindle, as in Fig. 1S , several small nuclei of unequal size are formed (Fig. 17) .
After a longer or a shorter period, varying considerably in different cases, every trace of a radiation disappears from the vicinity of the egg chromatin. Later, if several nuclei have formed they fuse into one large nucleus (Fig. 16 ) which migrates to the centre of the egg. All of the changes described up to this stage of development may take place in unfertilized eggs during the time that they are under compression.
If unfertilized eggs are examined after they have been compressed for three hours, usually those that have matalred are round to contain a single large nucleus in the centre of the egg. Several hours later some of these eggs may segment abnormally into an irregular mass of cells which bears little resemblance to a normal embryo. I have never found an unfertilized egg segmenting while under compression.
The results obtained by compressing unfertilized eggs of Asterias forbesii before the dissolution of the germinal vesicle are somewhat similar to those that LEFEVRE (7)has obtained by subjecting the unfertilized eggs of Thalassema to the action of various acids. LEFEVRE found that in some cases the polar bodies were not extruded and that maturation processes took place internally with no division of the cytoplasm. When this occured, four resting nuclei representing the egg-nucleus and the three polar bodies were usually found. Later these nuclei came together to form the cleavage-nucleus, the egg subsequently segmenting in an apparently normal manner and forming seemingly normal embryos.
III. The Fertilization and Segmentation of Compressed Eggs,
If active spermatozoa are added to the water in which the eggs are placed on their removal from the starfish and if the eggs are compressed for about an hour and then returned to sea-water usually a number of them segment regularly, but very slowly, up to the blastula stage. I have never succeeded in obtaining any older embryos.
In eggs of this series I have frequently found as great a difference in the size of the two pronuclei when they were about to fuse (Fig. 20) as has been found by vo• ERLANGER (4) in eggs of S2)haereehi~us granularis. This is not a common phenomenon in normally developing eggs of Asterias forbesii, and it must be due, in the eggs that have been subjected to pressure, to the fact that the egg-nucleus contains more chromation than the sperm-nucleus and is, therefore, correspondingly larger.
The segmentation-nucleus that is formed by the union of the two pronuclei appears to be very similar to that in normally developing eggs. In some cases there is an equal distribution of the chromatin to the poles of the segmentation-spindle, followed by an equal division of the cytoplasm. This is not invariably the case, however, as sometimes the segmentation-spindle lies quite close to the egg periphery and one pole of the spindle receives many more chromosomes than the other (Fig. 21) ; in such cases the cytoplasm divides unevenly and one cell is considerably larger than the other.
Rarely, as shown in Fig. 22 , all of the chromosomes go to one pole and there form a resting nucleus, the subsequent division of the egg results in the production of a nucleated cell and of one containing an aster and cytoplasm only.
Polyspermy is very frequently met with in fertilized eggs that have been subjected to pressure, and I have found as many as 18 spermatozoa in one egg. During the formation of the egg-nucleus most of the spermatozoa migrate towards the centre of the egg, each forming a sperm-nucleus and developing an aster which later becomes a small amphiaster. As a rule, all of the spermatozoa in an egg" are in the same stage of development (Fig. 23) . Occasionally, however, an egg is found containing spermatozoa that have not yet developed asters and also large sperm-nuclei with well formed amphiasters (Fig. 19) . Apparently, in such cases, compression has so affected the egg that spermatozoa have been able to enter at various times, although normally, the entrance of one spermatozoSn and the formation of the fertilization membrane effectually prevent polyspermy.
The egg-nucleus is readily distinguished from any of the spermnuclei by its larger size and by the fact that it never has an aster or any sign of a radiation near it. Several sperm-nuclei may unite with the egg-nucleus and later a triaster (Fig'. 24) , tetraster, or a more irregular form of multipolar figure may be produced, such as those that have been described by O. and R. HERTWm (6) and other investigators. Sperm-nuclei that do not unite with tile egg-nucleus are resolved into chromosomes in situ at the same time that the segmentation-spindle is formed. Sometimes the chromosomes are evenly distributed to the poles of the small sperm spindles; in other cases all of the chromosomes go to one pole (Fig. 24) . Isolated ehromatin groups (Fig. 24) form later a number of ehromatin vesicles which subsequently fuse into a resting nucleus. Occasionally cleavage takes place around a single sperm-nucleus and its aster as well as between the asters of the segmentation-spindle.
The segmentation of polyspermic eggs takes place at different times in the formation of the daughter-nuclei. Sometimes cleavage begins, as normally, while the chromosomes are moving towards the spindle poles; in other cases, segmentation may first be evident when the chromatin vesicles are forming; or it may be delayed until all of the vesicles have fused into the daughter-nuclei (Fig. 22) . The eggs may divide simultaneously into 2, 3, 4 or more cells which are often very unequal in size. Occasionally an aster alone serves as a centre of division, and very rarely a portion of an egg which apparently contains nothing but protoplasm is constricted off from the rest. Through such irregular cleavage many kinds of abnormal cell groups are formed and it is not strange, therefore, that development never progresses beyond the early segmentation stages.
IV. The Development of the Eggs of Asterias forbesii when Deprived of a Normal Supply of Oxygen.
As it seemed possible that many of the results obtained in the experiments described above might be due, in part, to the fact that during compression the eggs had not been able to obtain a normal supply of oxygen, a second series of experiments were undertaken the past summer to determine the effects on the development of the eggs when they are placed in water deprived of the greater part of its oxygen. LOEB and LEWIS (9) have shown that tile eggs of the seaurchin remain alive for many hours if they are placed in water from which all of the oxygen has been driven out by hydrogen or by other means and that they are capable of fertilization and of segmenting after being so treated for 64 hours. In making these experiments, LOEB and LEWIS were endeavoring to prolong the life of the unfertilized egg, and they made no sections of the eggs to ascertain the internal changes taking place.
In making this series of experiments on the eggs of Asterias forbesii, small neck flasks were filled nearly full of fresh sea-water and then the water was boiled over an alcohol flamp from 25--35 minutes in order to drive out all of the air. The flasks were then sealed with rubber stoppers, and the neck of the flask and the stoppers were coated with paraffine to prevent the possible entrance of any air. After the water had cooled, a quantity of ripe eggs, just removed from the starfish, were put into the flask as quickly as possible and the flask again sealed as before. When the second polar body had been extruded from eggs of the same starfish that were maturing normally in sea-water, the flask was opened and the eggs contained in it were transferred into fresh sea-water. An examination of the living eggs at this time showed that in but a comparatively few cases had the germinal vesicle broken down, and that the second polar body had not been extruded in any case. Sections made of different lots of eggs that were fixed at short intervals for a period of several hours after their removal from the flask showed that maturation took place in a perfectly normal manner although it was greatly delayed. ~ot one of the hundreds of egg's that were examined segmented parthenogenetically.
In another series of experiments, pieces of testes containing active spermatozoa were placed with ripe eggs in a flask containing water that had been deprived of its oxygen. After the flask had again been sealed, it was shaken gently for some moments in order to liberate the spermatozoa and to facilitate the fertilization of the eggs. The eggs remained in the flask until large numbers of fertilized eggs from the same starfish, which were developing normally in sea-water, had segmented and were in the 2--4 cell stage; this was about three hours after the eggs had been removed from the starfish. When the eggs were transferred from the flask to fresh sea-water and examined, it was found that the germinal vesicle had broken down in a great many of the eggs and that a very few of them were in the 2-cell stage; none were in a later stage of development. Sections of eggs fixed at this time showed fully, in most cases, the formed segmentation-spindle. Polyspermy was not common and the eggs appeared perfectly normal in every respect.
An hour later, when many eggs of the control lot were in the 16-cell stage, the majority of eggs that had been deprived of a full supply of oxygen were just beginning to segment; some few were in the 4-cell stage. When the eggs of the control lot were in the late segmentation stages, the eggs experimented upon were mostly in the 8--16 cell stage, and some few of them were segmenting irregularly. The next morning, normal gastrulae were found in both lots of eggs; those of the control lot being somewhat further developed than the others.
In these experiments the eggs were, of course, not deprived of all oxygen as presumably a small amount was taken up by the water when the flasks were opened to admit the eggs. There can be no doubt, however, but that the eggs obtained as much less oxygen than did those that were subjected to pressure; and in most of the experiments the eggs were under abnormal conditions for a much longer time than were the compressed eggs. The results obtained show that a deficiency in the supply of oxygen greatly retards the the development of the egg, but does not lead to a parthenogenetic development, to polyspermy, or to great irregularities in segmentation. Spermatozoa as well as the eggs are able to live for some hours in water containing but little oxygen; their activity is doubtless lessened, yet they can penetrate the egg and produce normal embryos. The abnormalities in development resulting from compression of the eggs cannot, therefore, be ascribed, even in part, to the lack of a normal amount of oxygen, but must be caused solely by the distortion of the egg and by the presence of an abnormal amount of chromatin: only the delay in the development of the egg can be considered as due, possibly, to a deficiency in the supply of oxygen.
General Conclusions.
Compression of the eggs of Aster~as forbesii delays their development and usually leads to abnormal segmentation and early death. These results must be due, in the main, to the distortion of the eggs by pressure, and to the fact that in most cases one or both of the maturation divisions are suppressed causing a large amount of chromatin to be retained that normally would be ejected in the polar bodies. Apparently the cytoplasm of the eggs of Asterias forbesii has not the power of absorbing excess chromatin as is the case with the cytoplasm in the eggs of some other species, and, therefore, the presence of more than the normal amount of chromatin greatly interferes with development.
After a more or less successful attempt has been made to extrude the polar bodies, all of the chromatin remaining in the egg goes into the formation of one or several nuclear vesicles which later unite to form a large, rounded egg-nucleus. The egg-nucleus migrates to the centre of the egg and appears very similar to the one in a normally developing egg, although, as a rule, it is somewhat larger. The size of the egg-nucleus is not, however, directly proportional to the number of chromosomes it contains, as in eggs that have been subjected to pressure I have never found an egg-nucleus that was more than twice the size of the one in a normally developing egg. Both of the maturation divisions are frequently suppressed, and, therefore, the egg-nucleus in many cases must contain three times the amount of ehromatin that is normally used in its formation.
This result does not support BOVERI'S (3) conclusion that ~die Kernoberfl~tche der Chromosomenzahl direkt proportional ist~.
The majority of eggs that are fertilized either before or after compression are entered by several spermatozoa. Polyspermy in these cases cannot be attributed to the fact that the eggs were unable to obtain a sufficient supply of oxygen during the time they were under compression; for eggs placed in water deprived of oxygen are rarely entered by more than one spermatozoSn, and polyspermy is no more common than is generally found to be the case whenever eggs are removed from a starfish and fertilized artificially. The presence in the egg of chromatin that is normally extruded in the maturation divisions can hardly be considered to be the cause of polyspermy, as spermatozoa frequently enter eggs before the first polar body is given off. It is probable, therefore, that polyspermy is commonly found in compressed eggs because the cytoplasm has been so affected by the compressure that it cannot offer any resistance to the entrance of the spermatozoa.
Not infrequently two, three, or even more sperm-nuclei fuse with the egg-nucleus and thus the segmentation-nucleus that is formed contains a vastly greater amount of chromatin than is normally present. In such cases it is obviously impossible that a normal combination of chromosomes should take place, and in consequence of the abnormal chromatin conditions the subsequent segmentation of the egg is very irregular. Polyspermy, even in eggs that have extruded both polar bodies, usually leads to abnormal segmentation as HEItT-W~G, WILSO.X, and others have noted: not infrequently such eggs divide simultaneously into three, four, or more cells as is the case in compressed eggs. When eggs have been subjected to pressure, segmentation may take place rapidly in one part and be greatly retarded in another part; and it is invariably that part of the egg containing the greatest amount of chromatin that is the last to divide. Apparently, therefore, an excess in the amount of chromatin delays the mitotic processes as well as causes irregularity in the time and manner in which they occur. The results obtained by compressing eggs of Astericls forbesii would seem to show that normal development is possible only when the chromatin conditions are normal.
Eggs of various species of echinoderms can be made to segment parthenogenetically by means of mechanical agitation, by the action of chloroform, ether, and various alkalies. It might be expected, therefore, that compression of the eggs which prevents one or both of the maturation divisions would have a like effect; the extra chromatin taking the place of a spermatozoiJn and bringing about a parthenogenetic development of the egg. Such, however, is not the case. In but very few instances did unfertilized compressed eggs segment, and when this occured the segmentation was very irregular and never progressed beyond the sixteen cell stage. It is probable that in such cases segmentation was not due to the presence of an abnormal amount of ehromatin, but to a mechanical agitation of the eggs when they were transferred to fresh sea-water after compression. Even a slight jar occasionally causes unfertilized eggs to segment, especially if it occurs some little time after the eggs have been removed from the starfish, as MATHEWS (10) has shown. After an egg has received from a spermatozo~in the stimulus for division, the presence of an excess of chromatin delays development, causes great irregularity in segmentation, and prevents the formation of a normal embryo.
Summary.
1) Compression of the eggs Asterias forbesii before the dissolution of the germinal vesicle usually prevents the extrusion of both polar bodies; occasionally one polar body is given off, but never two as is normally the case.
2) The retention of chromatin that is normally extruded in the polar bodies does not lead to a parthenogenetic development of the egg.
3) Polyspermy is very common in eggs that have been subjected to pressure, and as many as 18 spermatozoa may enter one egg. Several sperm-nuclei may fuse with the egg-nucleus and produce a triaster, a tetraster, or a more irregular form of mitotic figure.
4) In some instances compressed eggs that have been fertilized segment in an apparently normal manner up to the blastula stage; none develop beyond this stage. Abnormality in development is usually apparent at the first cleavage and frequently eggs divide simultaneously into three, four, or more cells. In all cases segmentation is greatly delayed.
5) The abnormalities produced by subjecting eggs to pressure are due in part to the distortion of the egg and in part to the presence of an abnormal amount of chromatin. 6) Deficiency in the supply of oxygen while eggs are under compression does not lead to abnormality in development. Ripe eggs placed in water deprived of oxygen maturate in a normal manner and, if fertilized, develop into normal embryos. These processes, however, take place much more slowly than in eggs developing normally in sea-water. Fig. 1 . Part of a section of an unfertilized egg that was under pressure for one and one-half hours, then removed fl'om compression and killed one and one-quarter hours later. Fig. 2 . Part of a section of an egg fl'om the same lot as that fl'om which Fig. 1 was drawn. Fig. 3 . Part of a section of an egg fl'om the same lot as that from which
Figs. 1 and 2 were drawn. Fig. 4 . Part of a section of an unfertilized egg which was killed after being compressed for one and one-half hours. Fig. 5 . Part of a section of an unfertilized egg which had been compressed for one hour and forty-five minutes when killed. Fig. 6 . Part of a section of an egg from the same lot as that fl'om which Fig. 5 was drawn. Fig. 7 . Part of a section of a fertilized egg which had been compressed for two hours when killed. Fig. 8 . Polar spindle in an unfertilized egg which was fixed after being compressed for one hour and ten minutes. Fig. 9 . Part Of a section of a fertilized egg compressed for one and one-btllf hours and then killed one horn' and fifteen minutes later. Fig. 10 . Part of a section of an egg froln the same lot as that from which Fig. 9 was drawn. Fig. 11 . A polar spindle in a fertilized egg which had been compressed for two hours and fifteen minutes when killed. Fig. 12 . Part of a section of a fertilized egg that was killed after being compressed for one hour and twenty-five minutes. Fig. 13 . Part of a section of an egg from the same lot as that from which Fig. 12 was drawn. Fig. 14 . Part of a section of a fertilized egg compressed for two hours before fixation. Fig. 15 . Part of a section of an unfertilized egg compressed for one and onehalf hours and then killed. Fig. 16 . Egg-nucleus in an unfertilized egg which had been under pressure for two and one-half hours before fixation. Fig. 17 . Part of a section of a fertilized egg which had been compressed for one and one-half hours, then removed from compression and fixed one hour and twenty-five minutes later. Fig. 18 . Polar spindle in a fertilized egg that had been compressed for one hour and forty-five minutes before fixation. Fig. 19 . Part of a section of a polyspermie egg fixed after compression for three and one-half hours. E.G egg-nucleus. Fig. 20 . Segmentation-spindle and pronuclei in a fertilized egg that was killed after being compressed for three and one-half hours. Fig. 21 . Segmentation-spindle in a fertilized egg that had been compressed for one hour and fifteen minutes and then fixed one hour and twenty minutes later. Fig. 22 . Section of a fertilized egg which was under pressure for one and one-half hours and then fixed two hours later. Fig. 23 . Part of a section of a polyspermic egg from the same lot as that fi'om which Fig. 22 was drawn. Fig. 24 , Section of a polyspermic egg compressed for four hours before fixation.
